Introduction: The aim of this study was to identify clinical variables which may be independently associated with positivity of a cardiac troponin I (cTnI) assay in a large population of patients admitted to the emergency department (ED). Materials and methods: 3166 subjects, with at least two troponin I tests ordered within 6 hours in the ED, were studied. Patient data were statistically analyzed to identify clinical associations with increased values of Troponin I. Results: Although patients with diagnosis of acute coronary syndrome displayed troponin I values significantly higher than those of other groups, positivity to troponin I (> 40 ng/L) was also observed in patients with other clinical conditions. In multivariate analysis, age, elevated heart rate and electrocardiographyc changes were independently associated with troponin I positivity at admission. In the whole study population troponin I positivity exhibited high sensitivity and negative predictive value, counterbalanced by low specificity and limited positive predictive value. Conclusions: Troponin I positivity should be combined with history and clinical evaluation and cautiously interpreted in the ED, especially in patients exhibiting factors associated with higher troponin I levels such as older age, elevated heart rate or ECG changes.
Introduction
The clinical diagnosis of ST-elevation myocardial infarction (STEMI) and of non ST-elevation MI (NSTEMI), according to the universal definition of myocardial infarction (MI), is based on the detection of a rise and/or fall of cardiac biomarker values, preferably cardiac troponins (cTn), with at least one value above the 99 th percentile upper reference limit (URL) (1) . Guidelines usually recommend that blood samples for the measurement of cTn should be drawn on first assessment and repeated 3-6 h later (1) (2) (3) . Patients with suspected acute coronary syndrome (ACS) typically present to the Emergency Department (ED) within a few hours or even minutes after symptom onset (4) . Therefore, delay of blood sampling may increase costs for hospital observation and/or admission, whereas early cTn negativity may lead to missing some diagnoses of MI.
The new and more (i.e., "highly") sensitive cTn assays can detect myocardial injury substantially earlier than the previous generation of assays (5) , due to the improved analytical sensitivity. Nevertheless, since cTn is a general biomarker of myocardial Vidali M. et al. Real life use of TnI in ED injury, a variety of different causes of myocardial damage such as inflammation (6) pulmonary embolism (7) and heart failure (8) may cause increased level of plasma cTn. On the other hand, these assays should be regarded as significant step forward for diagnosing patients with stable cardiovascular disease and to anticipate their prognosis (9) . The availability of new, high-sensitivity (HS) cTn tests, along with the more extensive use of this test in ED as universal "screening for MI", has remarkably increased the number of patient testing positive for cTn (i.e., cTn value over the 99 th percentile of a reference population) (10) . The obvious consequence is a further increase in the workload necessary to rule out ACS in cTn positive patients. Emergency physicians have therefore been faced with the paradox of increasing efforts to troubleshoot the causes of potential positivity of this marker due to conditions other than myocardial ischemia. The aim of this study was to identify clinical variables which may be independently associated with positivity of a cTnI assay in a large population of patients admitted to the emergency department (ED).The main novelty of this study resides in providing valuable information about cTnI in order to help emergency physicians to appropriately use and interpret this test in a day-to-day clinical setting of an ED.
Materials and methods

Subjects
Between April 2012 and March 2013, 33,496 cTnI tests were performed in the local hospital laboratory, corresponding to 11,470 different patients. A total number of 5,596 out of these patients, having at least 2 cTnI tests ordered within 6 hours, were further selected. Among these patients, 3,188 were admitted to the ED, and complete clinical data were available in 3,166 subjects who were hence finally included in the study.
Median basal (t1) and following (t2) cTnI values (expressed as ng/L, following IFCC recommendations) were classified according to ED discharge diagnosis. Nevertheless, additional information was acquired in order to perform a statistical analysis in the population sample and in specific subgroups, as follows:
Electrocardiograms (ECG) obtained at presentation were retrospectively re-interpreted, by three expert physicians, in a blinded fashion as 1) normal or non-diagnostic: paced rhythm or old left bundle-branch block (LBBB), non-specific ST-T changes; 2) as suggestive of ACS: ST-segment depression or elevation (≥ 1.0 mm in more than two contiguous leads), new onset of LBBB or new Twave inversion.
Chest pain was retrospectively classified as typical or atypical by two expert physicians using the following criteria (11, 12) : typical chest pain was diffuse at the entire chest, localized under sternum or epigastric, gradual or waxing and waning onset, duration ranging from few minutes to 2 hours, spontaneous or provoked by activity, not influenced by respiration or changes in body position, described as squeezing, tightness, pressure, constriction, crushing, strangling, burning, heartburn, fullness in the chest, band-like sensation, knot in the center of the chest, lump in throat, heavy weight on chest, toothache. Irradiation to epigastrium, shoulders, arms, wrist, neck and throat, lower jaw and teeth or interscapular region was instead considered atypical.
Data were also retrospectively re-evaluated by two expert physicians and patients were considered as "unequivocal ACS" if they were admitted to ED with chest pain, with ECG changes suggestive of ACS and with a coronary angiography showing stenosis > 70% of lumen diameter of 1 or more coronary arteries (13).
The study was planned according to the guidelines of the local ethical committee in conformity to the principles of the Declaration of Helsinki. , specificity (Sp), positive predictive value (PPV) and negative predictive value (NPV) to detect "unequivocal ACS" were calculated in the whole sample and in three subgroups (see column 1 in Table 2 ) and were provided with their 95% confidence intervals, according to the efficientscore method (corrected for continuity).
Methods
Blood
Results cTnI values and ED diagnosis
The study population included 3,166 patients, 1,757 males (55.5%) and 1,409 females (44.5%), with a median age of 72 years (interquartile range [IQR] 57-82 years, min-max 16-104 years). The patients were classified in 16 groups according to discharge diagnosis from the ED. In the ACS group (N = 303), 73 patients (24.1%) did not report chest pain, 131 (43.2%) and 54 (17.8%) respectively reported typical and atypical chest pain, whereas 45 (14.9%) reported a chest pain that was not classified as typical/atypical. In this group, no association between chest pain type and cTnI positivity at either time point was observed. However, patients without chest pain (N = 73) showed significantly higher basal cTnI values than patients with chest pain (N = 230) (P = 0.022). Surprisingly, no difference was found in cTnI values of the second time point (P = 0.216).
Patients with elevated admission heart rate (HR > 100 bpm, 18.1%) displayed significantly higher basal cTnI values (Bonferroni correction, P < 0.0015) and larger prevalence of cTnI positivity (P < 0.001) than patients with lower HR. No difference was found between patients with admission HR < 60 bpm (6.1%) and HR between 60 and 100 bpm (75.8%). IQR -interquartile range; COPD -chronic obstructive pulmonary disease; TIA -transient ischemic attack; CNS -central nervous system. In each cell, median and IQR of cTnI at t1 and at t2 (first raw) are reported together with the absolute frequency and percentage of cTnI positivity (second raw). Percentages of cTnI positivity at each time are calculated within each "discharge diagnosis" group (second column) *: P < 0.01 vs. all other groups
cTnI, coronary angiography and ECG
The 303 patients discharged from ED with ACS (STEMI or NSTEMI) were admitted to cardiology department for further examinations. 250 out of 303 (83%) underwent coronary angiography, whereas the remaining 53 (18%) were considered at highest risk for the procedure. Conversely, 135 patients without STEMI or NSTEMI were subjected to coronary angiography, most of them having persistent chest pain (85) or acute cardiac failure (21) . Stenosis over 50% lumen diameter of 1 or more coronary arteries was present in 225/250 (90%) patients with ACS, 62/85 (73%) patients with persistent chest pain and 9/12 (43%) patients with acute cardiac failure, respectively. Patients with stenosis > 50% lumen diameter of 1 or more coronary arteries showed significantly higher cTnI values both at time 1 and 2 than patients with lower degree of arterial obstruction (P < 0.001).
ECG data were available in 1,404 patients. At admission, 455 patients (32.4%) displayed no ECG alterations, 262 (18.7%) and 203 (14.4%) showed ECG changes suggestive of ACS or atrial fibrillation, while 484 (34.5%) showed other ECG changes. Patients without ECG changes displayed significantly lower cTnI values at both times than all other groups (Bonferroni correction: P<0.003). Conversely, patients with ECG changes suggestive of ACS showed significantly higher cTnI values at both times than all other groups (Bonferroni correction: P < 0.003).
cTnI, co-morbidities or history of cardiac disease
Patients with hypertension and/or diabetes and/or renal insufficiency displayed basal and following cTnI values significantly higher than patients without comorbidities (P < 0.001). Accordingly, patients with 1 or more comorbidities showed cTnI concentrations (P < 0.001) significantly higher than patients without comorbidities.
Patients with positive cardiac history (any type) displayed cTnI values at both times significantly higher than patients who did not report any previous cardiac disease (P < 0.001).
Predictive power of cTnI to detect "unequivocal ACS"
In the whole sample population, cTnI positivity showed sensitivity and specificity of 74% and 62% for basal cTnI, and 94% and 57% for subsequent cTnI, respectively (Table 2) . Although the negative
Real life use of TnI in ED predictive value (NPV) was found to be high at both time points (98% t1 and 99% t2), the positive predictive value (PPV) appeared overall modest (10% t1 and 11% t2). cTnI performance was also investigated in different subgroups of patients: those with chest pain, in the subgroup with ECG changes related to ACS, as well as in the subgroup with both chest pain and ECG changes related to ACS (Table 2) . A progressive increase of diagnostic performance was hence observed in parallel with the presence of clinical signs and ECG findings suggestive of MI.
Predictors of cTnI positivity at time 1
In the cohort of patients (N = 3,166), age, absence of chest pain, presence of hypertension, diabetes or renal insufficiency, elevated HR (> 100 bpm), presence of ECG changes were significantly associated with basal cTnI positivity in univariate analysis. However, only age, elevated HR and presence of ECG changes remained independently associated with cTnI positivity at admission in multivariate analysis (Table 3) . Table 3 . Univariate and multivariate analysis of the predictors of cTnI positivity at admission in the whole population investigated.
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Discussion
As predictable, patients with a diagnosis of ACS in the ED displayed median cTnI values significantly higher than other groups of diagnosis. Moreover, as previously described, significantly higher median cTnI level was also observed in patients with infections (14) . A large number of patients with other conditions displayed cTnI positivity, and this evidence is attributable to the fact that the patient population presenting to the ED is different from the normal population used to establish the diagnostics specification of cTnI (15), wherein an increased rate of cTnI positivity may be caused by minimal myocardial injury that is typically lacking in the reference population. In our study population (median age 72 years), a relative 5% increased risk of positivity to cTnI was observed for any oneunit age increase. The remarkable rate of increased values observed in the elderly are probably due to higher prevalence of left ventricular strain, impaired sub-endocardial perfusion, inflammation or other undetermined factors, which lead to myocardial injury or cellular myocyte membrane leakage (16, 17) . As regards non-ACS causes of increased values of cTnI in elderly, these findings pose a considerable diagnostic problem due to the frequent presence of ECG abnormalities (LBBB, cardiac device induced rhythm, chronic ischemic ECG findings, etc.) that challenge the rule out process or the diagnosis of MI. The evidence that age is an independent predictor of cTnI positivity emerged from our and other studies (16) (17) (18) suggests that the adoption of age-specific cTnI cutoffs may be regarded as a potentially useful approach for increasing the specificity of this test.
It has been reported that up to 100% of patients with stable chronic heart failure and CAD have detectable levels of cTnT when measured with a HS assay (19) . HS-TnT was also detectable in approximately 25% of adults in the general population (17) . Interestingly, detectable HS-TnT levels were also found to be associated with diabetes, hypertension, impaired renal function, increased left ventricular mass, wall thickness and heart chamber dilation. Although similar associations were observed in our study in univariate analysis, these variables were not independently associated with cTnI values in multivariate analysis. Despite increased levels of cTns are frequently encountered in subjects with progressive decline of renal function (20) (21) , whether the adjustment of cTnI values for renal function could be a viable approach for increasing its diagnostic specificity, still remains to be elucidated, since our multivariate model does not support these data.
Supraventricular tachycardia has been associated with a troponin elevation without severe CAD (22) . An increase of high-sensitivity cTn levels has also been observed after strenuous exercise (23) . We demonstrated that positivity for cTnI was independently associated with heart rates. More specifically, compared to patients with HR < 60 bpm, we found that those with heart rate between 60 and 100 bpm or > 100 bpm had a 1.5 and 2.6 higher risk of having increased cTnI levels, respectively.
Since elderly patients have increased ACS-attributable morbidity and mortality, the presence of signs and symptoms other than chest pain or dyspnea may justify cTnI testing (24) . Nevertheless, if considering the large number of patients (1,629 or 51.5%) admitted to the ED without chest pain but with serial cTnI measurements, it is conceivable that at least some of cTn tests were inappropriately and unnecessary requested. In our population, 1,537 (49%) patients presented to the ED with chest pain but only 230 (15%) were diagnosed as having ACS. Conversely, up to 73 out of 303 patients with an ACS diagnosis (24%) did not report chest pain. As such, it is not surprising that the presence of chest pain was found to be inversely associated (Risk < 1) with cTnI positivity in univariate but not in multivariate analysis (Table 3) .
Despite in our study population cTnI positivity exhibited sensitivity and specificity of 74% and 62% (for basal cTnI) and 94% and 57% (for subsequent cTnI assay); the PPV at both times was very modest (10% at time 1 and 11% at time 2, respectively). This is probably attributable to the low prevalence of "unequivocal ACS" in our cohort of patients. Therefore, we could confirm that the cTnI positivity should not be straightforwardly considered as indicative of ACS in the ED setting, where the prev-
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alence of ACS is typically low. Given the very high NPV (98% at t1 and 99% at t2 in the whole population), ED physician should hence preferably use a cTnI test to exclude ACS diagnosis in this population of patients. It is also noteworthy that the PPV of cTnI increased substantially in patients with higher probability of myocardial ischemia, reaching 96% in those reporting chest pain and showing ECG changes suggestive of ACS. In agreement with previous evidence, our results confirm that cTnI assay exhibits better performance in two extremes of patient population, and it should hence be used to rule out ACS in patient with low pretest probability and confirm this diagnosis in patient with high pre-test probability (25, 26) .
We can hence conclude that the diagnostic accuracy of HS cTnI assays can be considerably improved when used in patients with a high clinical suspicion for MI. Nevertheless, these methods display lower specificity and increased rate of false positive diagnoses of MI, particularly in subjects with a low likelihood of MI, with older age, elevated heart rate or ECG changes. Current guidelines recommend more intensive treatment for patients with suspected ACS who also display increased cTn levels (27) . Therefore, the indiscriminate use of HS assays without integrating clinical reasoning and new approaches to stratify patients with suspected acute MI is likely to expose some patients to unnecessary clinical risk and unjustified expenses for the health care system.
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